Abstract. An analytic method is presented for calculating transient diffusive electromagnetic fields in stratified media. The method is inspired by the modified Cagniard method for calculating transient wave fields in media of this kind. Closed-form time domain expressions are constructed for the fields generated by a localized source. The expressions have the form of a superposition of diffusive generalized-ray constituents. The case of the two-dimensional E-polarized field generated by a line source of electric current is worked out in detail.
Introduction
Electromagnetic fields in conductive media are, as far as the electric properties of the medium in which they occur are concerned, dependent on the medium's conductive and dielectric properties. Depending on the scale on which the fields (and their sources) vary with time, either of the two constitutive aspects may be predominant. When the dielectric properties dominate, the electric displacement current yields a larger contribution to the field than the electric conduction current, and the field is wavelike in nature. On the other hand, when the conductive properties dominate, the electric conduction current yields a larger contribution than the electric displacement current, and the field is diffusive in nature. Now diffusion always leads to an instantaneous response to the action of the sources involved, which property conflicts with the universal property that electromagnetic fields can only propagate with a finite wave speed. Hence the diffusive approximation only applies to those cases where the bulk of the phenomena takes place after the (smaller) onset of the wave has passed. In several areas of application the approximation is perfectly legitimate. Examples are eddy current distribution in electrical machinery, transformers, and other electrical appliances [Tegopoulos and Kriezis, 1985] ; transient electromagnetic methods for geophysical prospecting in conductive subsurface structures of the Earth [Nabighian, 1989] ; and pulsed eddy-current quantitative nondestructive inspection Copyright 2000 by the American Geophysical Union.
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0048-6604/00/1999RS900086511.00 techniques for detecting corrosion and holes in steel pipelines in, for example, the petrochemical industry [Dunbar, 1988] .
Computationally, the configurations arising in the technical applications are of such a degree of complexity that the only way of analyzing their (diffusive) electromagnetic behavior is through the use of appropriate numerical algorithms. Any serious use of such algorithms requires as benchmarks certain canonical problems whose solutions can be obtained by analytical methods. The configuration consisting of parallel layers with different electric conduction as well as different magnetic properties provides such a canonical problem. In the present contribution the calculation of the transient diffusive electromagnetic field will be carried out with the aid of a method that is inspired by the modified Cagniard method for analyzing transient waves in lossless layered media [De Hoop, 1960 , 1979 , 1988a Achenbach, 1973 The method will be elucidated for the two-dimensional E-polarized field generated by an electriccurrent line source. Several applications of the technique to three-dimensional configurations are discussed by Combee [1991] . 
where I s = Is(t ) is the "source signature" and/5(x, z -Z s) is the two-dimensional Dirac distribution operative at {x = 0, z = Z s). The field is then independent of y. Its nonvanishing field components satisfy the field equations (see equations (1) and (2)) (note that we have taken the line source to be located at an interface)
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x -j hv Figure 6 shows some typical modified Cagniard paths for the case where the vertical diffusive propagation takes place in three media with different electrical diffusion coefficients. In one case, the diffusive propagation normal to the direction of stratification is predominant; in the other case the diffusive propagation parallel to the direction of stratification predominates. In the latter case, the presence of the different branch points shows up more pronouncedly (through changes in the tangent to the modified Cagniard path) than in the former.
Conclusion
An analytic generalized-ray space-time formalism for the calculation of transient diffusive electromagnetic fields in stratified media has been developed. It is based on an adaptation of the modified Cagniard method that serves to construct the generalized-ray space-time formalism of wave propagation in stratified media. The case of a two-dimensional E-polarized field generated by an impulsive line source of electric current is worked out in detail. The computation of the relevant modified Cagniard paths in the scaled complex plane associated with the spatial Fourier transformation parallel to the medium's interfaces and the amplitude factors of the generalizedray constituents requires only elementary numerical algorithms, although certain precautions have to be taken. For the application of the iterative procedure out of which the amplitude factors and the diffusive propagation factors of the successive diffusive generalized ray constituents result, a symbolic manipulation applications program can profitably be employed.
